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Battleship TEXAS Dry Berth Option 5

1 Introduction
Approximately ten months ago, AECOM delivered four viable options for dry-berthing of the Battleship
TEXAS. These options had ascribed costs in the range of $38 million to $49 million. However, by directive
of the Texas Legislature, an amount of $25 million was specified for the dry-berth project; hence, it was
not possible for TPWD to pursue any of these initial four options.

Based on TPWD direction, the consulting team led by AECOM has developed an additional dry berthing
option, designated Option 5, which involves grounding the ship in its present location on a sand bed.
The main purpose of Option 5 effort was to deliver a viable berthing option that could be pursued at
substantially lower cost than the four dry berth alternates previously developed to meet the project’s
original directives. It is important to note that a grounded mode of support was not envisioned by the
original design of the ship, and the 98-year-old battleship is in fragile condition.  For this reason, this
effort  required  a  Finite  Element  Model  (FEM)  analysis  to  determine  the  stresses  imposed  on  the  ship
and settlements resulting from the envisioned grounded berthing of the TEXAS.

2 Features of Option 5
The goal of Option 5 was to allow the ship to be kept in place during and after construction of the dry
berth.   This would avoid the substantial costs in the previous four options needed to temporarily
relocate the ship or to excavate the dry berth in inshore sites.  With the ship kept in place and the dry
berth constructed on the present wet berth alignment, it is not feasible to construct a pile supported
foundation to support the keel block docking layout specified by the ship’s designers.

As shown in Figures 1 and 2, the Option 5 scheme consists of:

Dredging soft sediments from under and around ship

A sand bed to seat the grounded ship, placed under ship with ship in place

A cofferdam to the west, to close off the existing basin from the channel

A dike extension to north and east, connecting to the existing dikes on the south and east

Revetment slopes all around, with hardscape rip-rap surfacing to resist the effects of the
flooding/dewatering cycles envisioned by TPWD

An access ramp to basin floor for equipment and maintenance

North ship access ramp/gangway for secondary egress

Existing features retained:
o south ramp/gangway
o monopile moorings
o south bulkhead

As shown in Figure 3, Option 5 includes the following systems to handle seepage of groundwater and
ejection of precipitation:
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Dewatering/drainage system
o Swale and Catch basins on perimeter at toe of revetment slope
o Pumpwell at northwest corner, with outfall to channel

Groundwater collection system
o Perforated underdrain pipe network in sand feeds to catch basins, which feed to

pumpwell

Site Drainage modifications, as shown in Figure 4, to redirect flows from onshore which now
outlet to the basin.

Also shown in Figure 3, a flooding system is provided to allow partial flooding of the basin, a capability
requested by TPWD.  This system consists of:

Pumps mounted on cofferdam

Feed to manifold on top of slope

Feed to spillway cascading down slope

The proposed sequence for construction of Option 5 would be as follows:

Perform remedial structural repairs on ship’s hull

Dredge along sides of ship as needed to facilitate scheme.

Construct cofferdam to elevation +13.5’ MLT on west side of existing basin.

Construct flood protection dike to elevation +13.5’ MLT north and east side of basin, connecting
to existing south side dike.

Superflood  basin  to  +12’  MLT  to  raise  ship  clear  of  existing  bottom;  ship  remains  moored  to
existing monopiles throughout construction

Dredge soft sediments from under ship.

Place sand under the ship and level at approximate elevation -23’ MLT.

Dewater basin, setting ship down on sand bed.

Construct north access ramp with a pivoted span to accommodate settlement of ship.

Construct permanent dewatering and flooding systems.

Construct basin access ramp and side slope finishes.

3 Finite Element Modeling Analysis
The ship’s designers considered that the ship would be supported either by buoyancy when afloat or on
a specified blocking layout when in dry dock.  The grounded mode of support proposed by Option 5 was
not envisioned by the original design of the ship.  A finite element modeling analysis was conducted to
determine the effects which a grounding scheme might have on the ship.

The model incorporates the ship, sand bed and in-situ subsoils in a unified model in order to capture the
interaction among them, and resulting stress distributions.  The features of the model include:

Sand modeled using non-linear Drucker-Prager behavior

Clays modeled using linear properties which change over time

Model considers a range of soil properties provided by HVJ Associates geotechnical consultants,
expressed as lower bound and upper bound values
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Ship hull geometry modeled based on data provided by OTS (Ocean Technical Services) marine
surveyors.

Ship weight and its distribution modeled based on data provided by OTS

Ship stiffness modeled based on data provided by OTS

The goals of the model were to capture:

Expected settlements, short term and long term

Distribution of bearing pressure to ship hull

Longitudinal bending moments in hull

The most important finding of the analysis is that grounding causes high bending moments in the hull
due to its shape and the resulting imprint it makes in the sand.  The imprint consists of significant
lengths of narrow width towards the bow and stern of the ship, and a relatively short length of large
width in the central portion of the ship; see Figure 5.  The support provided by the sand, closely related
to keel contact width, follows a similar pattern, being large at midship, and small towards the bow and
stern.  The auxiliary docking keels which extend forward and aft on the bilges, being only 18” wide, tend
to slice into the sand, providing no meaningful support.  In contrast, the ship’s weight distribution is
more widespread, with significant portions of the weight located closer to the bow and stern.
Moreover, the ship’s stern has a large overhang aft of the hull’s imprint in the sand.  As shown in Figure
6, all this results in a substantial hogging moment, which tensions the main deck and compresses the
keel.

For comparison, we analyzed landing the ship on the keel block arrangement specified in the ship’s
docking plan.  The blocking arrangement includes solid blocking towards the bow and stern, and blocks
arranged on auxiliary docking keels positioned towards the bow and stern.  As shown in Figure 7, we
found this to result in a much lower hogging moment.

Based on the ship hull’s section modulus as estimated by OTS, the maximum tensile stress in the main
deck due to the hogging effect caused by grounding is estimated at approximately 21 ksi, and maximum
compressive stress in the keel is about 19 ksi.  These are in addition to stresses caused by local effects,
such as the spanning of hull plating between frames.  These are high stresses, especially for steel
produced early last century, and considering the substantial deterioration noted in the OTS survey.  In
contrast,  the  tensile  stress  level  in  the  main  deck  due  to  hogging  effect  is  only  4.3  ksi with the ship
docked on blocks as originally specified when the ship was designed; the compression stress in the keel
is only 3.8 ksi.

These findings indicate the structural integrity of the ship would be compromised by grounding on a
sand bed in a dry berth.  AECOM did not analyze the partial grounding of the ship in a wet berth, with
the ship supported partially by bearing on the ground and partially by buoyancy.  However, we would
expect that condition to be less severe than grounding in a dry berth, with all support provided by the
ground, since the ship’s buoyancy is more favorably distributed.

Other findings of the finite element analysis include:

Predicted settlements:  The model was run using a range of soil properties provided by HVJ for
the sand bed and the in-situ clay strata below.  This produced a large range of settlement
predictions.  Based on discussion of the result with HVJ, we consider the following predictions of
settlement to be most credible:

o Short term:
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Due to sand (before grounding ship): 5.5 inches
Additional due to ship: 1.3 inches at bow; 3.3 inches at stern

o Long term (due to sand and ship): 12.1 inches at bow; 14.1 at stern

Bearing Pressure: Maximum of 4 kips per square foot, occurring at stern

4 Construction Cost Estimates

4.1 Dry Berth
A preliminary cost estimate for the Option 5 dry berth is presented in Appendix A.  Including an
allowance for contingencies, the cost is about $35 million, less than for the four options previously
considered but still in excess of the legislature’s $25 million budget.  The cost drivers include the need to
dredge mud and place sand under the ship, without overhead access for efficient handling of material.
Another contributor is the need to hardscape the slopes; the most economic of Options 1-4 used less
expensive vegetated slopes.

4.2 Ship Repairs
Determination of the required costs for repair of the Battleship TEXAS was not part of the original effort
of developing the first four options, and its impact was hence unknown.  To address this, TPWD directed
the consulting team to estimate these costs in conjunction with development of Option 5. Consulting
team member Joseph Lombardi of OTS conducted a ship condition inspection, and provided a
preliminary report and an estimate of ship repairs for Option 5 berthing.  The preliminary cost estimate
ship repairs, presented in Appendix B, was found to be substantial.  It comes in at around $23 million in
addition to the cost of a dry berth.  This means the combined cost for the Option 5 dry berth plus the
necessary ship repair costs for the Battleship TEXAS would total approximately $58 million, well in
excess of the available funding.

5 Conclusions
Based on the results of the finite element modeling analysis, the battleship’s structural integrity would
be unacceptably compromised by grounding the ship on a sand bed in a dry berth as proposed in
Option 5.  Furthermore, although Option 5 is less costly than the four dry-berthing options initially
presented, its cost still exceeds available funding, even before considering ship repair costs.  Moreover,
considering that the cost of required ship repairs would almost entirely exhaust the available budget, a
dry berthing option does not appear feasible within the funding currently available.
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FIGURE 5

HULL IMPRINT IN SAND
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FIGURE 6

ANALYSIS OF HULL
SUPPORTED ON SAND
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FIGURE 7

ANALYSIS OF HULL
SUPPORTED ON BLOCKS
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Item Description Unit Quantity Unit Cost Cost

Dredging and Removals:

X Remove existing revetment armoring SF 30,240     $1.87 $56,549

Dredging before cofferdam construction

X Dredging mobilization/demobilization LS 1               $150,292 $150,292

X Dredging for wet berth formation CY 48,176     $18.13 $873,423

Dredging under ship after cofferdam construction

X Dredging mobilization/demobilization LS 1               $68,904.00 $68,904

X Dredging for wet berth formation CY 25,824     $99.77 $2,576,505

X X Dredge material transport, placement fee and testing CY 74,000     $21.34 $1,579,160

Superflooding

X Supply temporary pumps for superflooding LS 1               $27,004.00 $27,004

X Maintain superflood elevation Months 6               $53,328.00 $319,968

X Plug existing 24" outfalls EA 2               $455.44 $911

X Supply temporary pumps for site drainage EA 2               $14,622.90 $29,246

X Outfall hoses for diverted site drainage LF 1,701       $26.86 $45,689

X Excavation in dry for basin formation CY 7,156       $6.05 $43,292

X Disposed unused excavated fill CY 7,156       $17.13 $122,582

1.0 Total $5,893,524

Dry Berth Wall Construction:

West Cofferdam

X King pile cantilever cofferdam wall LF 485           $14,414.32 $6,990,945

X Promenade on top of wall LF 485           $653.11 $316,758

X Concrete fill in King Pile cavities CY 1,438       $175.58 $252,559

X Sand Fill placed in dry CY 3,741       $27.45 $102,697

X Access ramp on grade

X Paving SF 9,653       $2.88 $27,799

X Guard rails LF 536           $25.00 $13,406

Landscaping

X Rip‐rap on slopes CY 9,207        $66.05 $608,120

X Filter stone under rip rap CY 3,453       $42.19 $145,666

X Filter fabric under filter stone SF 186,441  $0.28 $52,204

X Boulders on Curbline LF 1,390       $24.47 $34,013

Spillway

X Floor SF 2,319       $16.98 $39,377

X Walls CY 69             $734.64 $50,881

Temporary dewatering system for construction

X Dewater dry berth basin for construction LS 1               $37,918.46 $37,918

X Maintain dry basin Months 6               $19,063.14 $114,379

North & East Dike

X Fill CY 12,317     $25.28 $311,376

X Paving SF 25,100     $2.82 $70,782

2.0 Total $9,168,881
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Item Description Unit Quantity Unit Cost Cost

Dry Berth Floor Construction:

Sand bed 

X Sand bed under ship CY 17,216     $61.25 $1,054,498

X Sand bed beyond ship CY 22,415     $43.27 $969,910

Perimeter Surfacing

X Articulated concrete block surfacing SF 31,000     $9.57 $296,670

X Filter fabric SF 31,000     $0.06 $1,860

Underdrain System

X 8" perforated header pipes LF 1,245       $11.85 $14,753

X 6" perforated lateral pipes LF 2,047       $36.96 $75,657

X Trenching CY 607           INCL

X Crushed stone backfill CY 303           INCL

X Filter fabric SF 16,376     INCL

X Cleanouts for underdrains EA 62             $172.38 $10,688

Catch basins

X Type 1: 48" ID, 5" wall, 12" floor EA 9               $3,594.61 $32,351

X Type 2: 60" ID, 6" wall, 12" floor EA 2               $4,615.33 $9,231

X Inlet grates and frames EA 11             $841.80 $9,260

X Access ladder rungs EA 50             $65.28 $3,264

Drainage Piping

X 15" RCP LF 150           $77.56 $11,634

X 18" RCP LF 340           $87.63 $29,794

X 21" RCP LF 335           $99.09 $33,195

X 24" RCP LF 520           $110.04 $57,221

X 30" RCP LF 80             $170.93 $13,674

X Trenching CY 1,397       INCL

X Crushed stone backfill CY 1,005       INCL

X Filter fabric SF 19,121     INCL

X Temporary Construction Access Ramp LS 1               INCL

3.0 Total $2,623,661
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Item Description Unit Quantity Unit Cost Cost

Dewatering and Flooding Systems:

Pumpwell Structure:

X Excavation CY 1,506       $37.65 $56,701

X Temporary Sheeting SF 6,760       $40.77 $275,605

X Backfill CY 564           $23.98 $13,525

X Crushed Stone Base CY 99             $41.72 $4,130

X Concrete Floor (24‐in)  CY 96             $410.41 $39,399

X Concrete Floor (18‐in)  CY 28             $435.81 $12,203

X Concrete Walls CY 223           $990.55 $220,893

X Concrete Roof CY 30             $906.17 $27,185

X Steel roof framing Ton 3               $6,057.63 $18,173

X Steel roof grating SF 800           $35.17 $28,136

X Watertight access covers EA 3               $961.13 $2,883

X Access ladder rungs EA 40             $78.85 $3,154

X Watertight access door EA 1               $7,377.65 $7,378

Pumpwell Plumbing:

X Submersible pumps, 2,800 gpm EA 3               $60,428.65 $181,286

X Sump pump EA 1               $4,918.00 $4,918

X 12" check valves EA 3               $5,037.87 $15,114

X 12" gate valves EA 3               $7,137.87 $21,414

X 12" piping LF 90             $255.21 $22,969

X 12" elbows EA 3               $1,005.37 $3,016

X 24" tees EA 3               $6,579.07 $19,737

X 24" elbows EA 2               $4,286.30 $8,573

X 24" piping LF 9               $937.50 $8,438

X 24" to 12" reducers EA 3               $5,047.32 $15,142

Outfall:

X X 24" piping (buried) LF 280           $399.44 $111,843

X 24" Tideflex EA 1               $7,203.58 $7,204

X Trenching CY 207           INCL

X Backfill CY 175           INCL

X Concrete headwall structure CY 4               $762.95 $2,967

Flooding System:

X Vertical turbine pumps, 2,800 GPM EA 2               $95,115.00 $190,230

X 18" piping (hung off inside face of cofferdam) LF 160           $648.15 $103,704

X Manifold chamber LS 1               $7,293.42 $7,293

Electrical:

X Dewatering system control panel LS 1               $58,039.00 $58,039

X Flooding system control panel LS 1               $47,039.00 $47,039

X Underwater cable and conduit LF 330           $69.55 $22,952

X Allowance for Inst & Control Conduit (DW System) LS 1               $42,514.00 $42,514

X Above‐ground conduit and wiring LF 480           $64.51 $30,965

X Allowance for Inst & Control Conduit (Flood System) LS 1               $42,514.00 $42,514

X Control building LS 1               $48,360.00 $48,360

X Emergency Generator LS 1               $114,005.00 $114,005

4.0 Total $1,839,599
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Site Improvements:

X X Protect electrical ship service cables on north side EA 1               $36,079.00 $36,079

North Access Ramp & Gangway

X Piles LF 720           $67.12 $48,326

X Pile Caps CY 29             $1,491.56 $43,255

X Girder Spans SF 2,027       $42.44 $86,026

X Curbs LF 281           $37.42 $10,515

X Landing Stem Wall CY 3               $1,090.00 $3,270

X Abutment CY 7               $985.16 $6,896

X Landing Slab CY 4               $1,600.00 $6,400

X Guardrails LF 281           $105.00 $29,505

X Steel Gangway EA 1               $86,657.00 $86,657

X Gangway Support on Ship EA 1               $12,937.00 $12,937

X Redirect twin 16" drain pipes to channel LF 630           $302.97 $190,871

Extend 24" culvert to channel

X Demolish existing inlet structure LS 1               $680.00 $680

X Contruct new inlet structure LS 1               $3,052.00 $3,052

X Extend 24" culvert thru new dike LF 55             $154.63 $8,505

5.0 Total $572,974

Total Direct Cost $20,098,639

General Conditions / Job Indirects (10%) LS $2,009,864

SUB TOTAL $22,108,503

OH & P ‐ 19.27% $4,260,308

SUB TOTAL $26,368,811

Contingency Costs (20%) $5,273,762

Engineering, Geotech Testing, CM $3,164,257

TOTAL COST $34,806,831
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APPENDIX B 

Ship Repair 

Cost Estimate 



ITEM PRELIMINARY COST ESTIMATE SUMMARY- OPTION 5 SHIP
REPAIRS

Figure # COST PERCENT

1 Boiler  Rooms  B3  &  B 4,  Frames  60 ½ - 77 ½ 2/1 1,379,718.00$ 10%
2 Port & Starboard , Reserve Feed Water Tanks (B-3-4-W, B-3-3-W, B-4-2-W, B-4-3-W) 4/1 947,200.00 7%
3 Engine Rooms (C-1 & C-2) 2/1 1,556,076.00 11%
4 Emergency Fuel Tanks (C-94F,C-95F, C-96F, C-97F, C-98F, C-99F) 5/1 5,979,600.00 42%
5 Keel Vertical Flat Plating (Frames 89-104) 1 503,400.00 4%
6 Aft Emergency Diesel Generating Room (D-11) & Void Tank D-99V Under D-11 4/1 1,077,515.00 8%
7 Trimming Tanks (D-12 & D-13) & D-27 Steering Gear Room 3/1 1,640,995.00 12%
8  Void Tanks (D-107, D-101, D-102, D-103) 1 792,150.00 6%
9  CPO (Berthing D-111, Mess D-112, Pantry D-113) 1 300,940.00 2%
10 Total 14,177,594.00$ 100%

11 General Contractor Equipment & Supervision 565,500

12 Contractor mob/demob with 40’ x 110’ spud barge, 100 ton crane, 35 ton crane,
pusher tug, two 200 kw generators, one flatbed trailer, one Hyster fork truck, six
welding machines, six oxy/acetylene units, one contractor trailer, power, phones,
two Porti-Pottis 450,000.00

13 General Liability Insurance 55,000.00

14 Builder’s Risk Insurance 32,500.00
15 Total 15,280,594$

16 Bonds  (2%) 305,612.00
17 Total 15,586,206$

18 Profit & Overhead 15% 2,337,931.00
19 Total Cost of Repairs 17,924,137$
20 Total Cost of Repairs (Rounded) 18,000,000.00$
21 Contingincies @ 20% 20% 3,600,000.00
22 Engineering & CM @ 8% 8% 1,440,000.00
23 Grand Total (Rounded) 23,000,000.00$
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FIGURE B1: TEXAS CROSS-SECTION SHOWING SHIP REPAIR AREAS 
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FIGURE B2: BOILER ROOMS  B-3/B-4 & ENGINE ROOMS C-1/C-2
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FIGURE B3: TRIMMING TANKS & STEERING GEAR ROOMS
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FIGURE B4: RESERVE FEED WATER & TRIMMING TANKS
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FIGURE B5: EMERGENCY FUEL TANKS & VOID TANK D-99V
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